Open Access 



Research 



BMJ Open Extended-release nifedipine 

and the risk of intestinal obstruction: 
a population-based study 

David N Juurlink, 1 ' 2 ' 3 ' 4 Chelsea Hellings, 1 Tara Gomes, 1 ' 4 ' 5 ' 6 Anjie Huang, 1 
J Michael Paterson, 1 ' 4 David R Urbach, 1 ' 4 ' 7 Muhammad M Mamdani, 1 ' 3 ' 4 ' 5 ' 6 ' 8 
for the Canadian Drug Safety and Effectiveness Research Network (CDSERN) 



To cite: Juurlink DN, 
Hellings C, Gomes T, etal. 
Extended-release nifedipine 
and the risk of intestinal 
obstruction: a population- 
based study. BMJ Open 
2014;4:e005377. 
doi:1 0.1 1 36/bmjopen-201 4- 
005377 

► Prepublication history for 
this paper is available online. 
To view these files please 
visit the journal online 
(http://dx.doi.org/10.1136/ 
bmjopen-201 4-005377). 



Received 1 April 2014 
Revised 30 June 2014 
Accepted 1 July 2014 



For numbered affiliations see 
end of article. 



ABSTRACT 

Objectives: To examine the risk of bowel obstruction 
in older adults during treatment with extended-release 
nifedipine compared with patients treated with 
amlodipine. 

Design: Retrospective cohort study using multiple 
linked healthcare databases. 
Setting: Ontario, Canada from 1 April 1997 to 31 
December 2010. 

Participants: We identified patients aged 66 years 
and older who started treatment with Adalat XL, an 
extended-release nifedipine product employing a tablet 
delivery system associated with mechanical bowel 
obstruction. For comparison, we studied patients 
receiving amlodipine, a long-acting calcium channel 
blocker that does not utilise the same delivery system 
and has not been implicated as a cause of bowel 
obstruction. Propensity score matching was used to 
ensure similarity of patients receiving the two drugs. 
Primary outcome measure: HR for the association 
between extended-release nifedipine relative to 
amlodipine and hospitalisation for bowel obstruction 
during therapy. 

Results: Over the 13-year study period, we identified 
103 657 patients treated with extended-release 
nifedipine and 204 733 patients treated with 
amlodipine. In these two groups, 591 (0.6%) and 1185 
(0.6%) of patients were hospitalised for bowel 
obstruction, respectively. We found no difference in the 
risk of bowel obstruction among patients treated with 
extended-release nifedipine compared with amlodipine 
(HR 1.09, 95% CI 0.96 to 1.24). 
Conclusions: Bowel obstruction during treatment with 
extended-release nidefipine is rare, and the risk is not 
appreciably greater than that during treatment with 
amlodipine. 
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INTRODUCTION 

Nifedipine is a widely used calcium channel 
blocker most often prescribed for the treat- 
ment of hypertension. However, the drug has 
a short half-life (approximately 2 h) and 
must therefore be given several times each 



Strengths and limitations of this study 



No previous controlled studies have explored this 
phenomenon. 

The population-based nature of the data and the 
ability to account for all prescriptions for 
extended-release nifedipine and amlodipine in 
our cohort. 

Diagnostic coding of bowel obstruction is imper- 
fect. Because few patients with bowel obstruc- 
tion proceed to surgery, we did not examine 
surgery as an outcome. Error in classifying 
patients with bowel obstruction would be similar 
across comparison groups and would bias the 
study towards the null finding we observed. 
Our findings apply to patients aged 66 years and 
older, and may not be generalisable to younger 
persons. 



day. To overcome this limitation, the drug 
has been marketed in a variety of 
sustained-release formulations, including 
Procardia XL and Adalat XL, which are 
widely used products in the USA and 
Canada, respectively. These formulations 
utilise the gastrointestinal therapeutic system 
(GITS), an innovative mechanism designed 
to release the drug slowly, allowing once-daily 
dosing. These tablets are comprised of a 
dual layer of drug and osmotically-active 
material enclosed within an insoluble 
cellulose-based tablet shell. 1 2 After inges- 
tion, water is absorbed into the tablet 
through a semipermeable membrane, 
expanding an internal polymer layer. This 
expansion leads to the slow expression of 
nifedipine suspension through a hole 
created by a laser in the tablet's centre. 

Bezoar formation secondary to GITS medi- 
cation shells has been described in the litera- 
ture following therapeutic use, 3 4 and case 
reports describe small bowel obstruction as a 
result of tablet impaction following treatment 
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with extended-release nifedpidine. 5 6 It has been specu- 
lated that the cellulose shells themselves can, in suscep- 
tible patients, lead to mechanical bowel obstruction. 
Until now, no large-scale studies have examined whether 
the GITS delivery system is associated with bowel 
obstruction in routine clinical practice. This is an 
important topic because nifedipine is a widely used 
calcium channel blocker, but also because other drugs 
such as doxazosin and atenolol are delivered using the 
same system. 

We examined the risk of bowel obstruction in older 
adults during treatment with extended-release nifedi- 
pine compared with patients treated with amlodipine, a 
calcium channel blocker with similar clinical indications 
but produced in a formulation not associated with bowel 
obstruction. 

MATERIALS AND METHODS 
Setting and data sources 

We conducted a retrospective population-based cohort 
study between 1 April 1997 and 31 December 2010 
among Ontarians aged 66 years or older using linked 
healthcare databases in Ontario, Canada. Ontario has a 
population of more than 13 million individuals, all of 
whom have coverage for physician and hospital services. 
Individuals above the age of 65 also receive public insur- 
ance for prescription drugs. 

We identified prescription medications using the 
Ontario Drug Benefit database, which includes records 
of prescription medications dispensed to Ontarians aged 
65 or older. The Registered Persons Database consists of 
demographic information, including date of death for 
all Ontario residents. We identified emergency depart- 
ment visits and hospital admissions using the Canadian 
Institute for Health Information (CIHI) National 
Ambulatory Care Reporting System (NACRS) and 
Discharge Abstract Database, respectively. These data- 
bases contain detailed diagnostic and procedural infor- 
mation for all hospital visits in the province. We used the 
Ontario Health Insurance Plan database to identify phys- 
ician claims for inpatient and outpatient visits, and the 
Ontario Cancer Registry to identify cases of bowel 
cancer in the previous 5 years. Hypertension was identi- 
fied using the Ontario Hypertension Database. 7 These 
databases were linked using anonymised identifiers and 
are routinely used to study the safety and effectiveness of 
prescription drugs. 8-10 

Cohort design and propensity-based matching 

We constructed a cohort of patients newly treated with 
extended-release nifedipine (Adalat XL or Procardia 
XL) as evidenced by no prescription for the drug in the 
365 days prior to the index date. The index date was 
defined as the date of first prescription over the study 
period. We did not examine the first year of eligibility 
for prescription drug coverage (age 65) to avoid incom- 
plete medication records. To restrict the analysis to 



patients newly prescribed nifedipine, we excluded indivi- 
duals who received any formulation of nifedipine, as 
well as those prescribed amlodipine in the 365 days 
prior to the index date. We used amlodipine-treated 
patients as the comparison group because it is used for 
similar indications but has a half-life ranging between 30 
and 50 h (in contrast to nifedipine's half-life of 2h), 
and therefore does not require a special delivery system 
to permit once-daily dosing. 

We identified continuous use based on successive pre- 
scription for the same drug, requiring that prescription 
refills be issued within 1.5 times the days supplied by the 
previous prescription or 10 days, whichever was greater. 
Patients were censored if they switched study medica- 
tions, discontinued treatment, reached the end of the 
study period (31 December 2010), died, or were 
observed for a maximum of 5 years, whichever occurred 
first. 

Because patients treated with extended release nifedi- 
pine may differ in measured and unmeasured ways from 
those treated with amlodipine, we used high- 
dimensional propensity score matching to create a com- 
parison group of patients with similar characteristics. For 
this purpose we used an algorithm based on seven data 
dimensions, consistent with previous studies, 11 including 
prescription drug claims (past year; 1-dimension), hospi- 
talisation and emergency department diagnoses and 
procedures (past 1 year; 4-dimensions), and physician 
service diagnosis and fee codes ( past 1 year; 
2-dimensions). The most prevalent 200 codes within 
each data dimension were selected and prioritised based 
on their potential to bias the exposure-outcome relation, 
and the top 500 binary empirical variables were included 
in the propensity score model. Potential covariates were 
screened for surrogate exposure variables that were not 
associated with the outcome, and any such variables 
were excluded from the propensity score model. 
Variables forced into the propensity score included age, 
sex, Charlson score, estimated income quintile, long- 
term care status, history of myocardial infarction, history 
of hypertension, number of visits to a physician, gastro- 
enterologist and surgeon in the preceding year, rural 
location, number of distinct drugs in the preceding year 
and any history of intestinal malignancy, abdominal 
surgery or intestinal obstruction. Each patient newly 
treated with extended release nifedipine was matched to 
up to two patients newly treated with amlodipine, 
according to propensity score (within 0.2 SDs), age at 
cohort entry date (within 1 year) , sex and year of cohort 
entry. 

The primary analysis examined the risk of bowel 
obstruction in older adults following initiation of 
extended-release nifedipine relative to amlodipine. The 
outcome of interest was hospital admission for bowel 
obstruction identified using the International 
Classification of Disease and Related Problems (ICD) 
9th and 10th revisions (ICD-9 560.8 and 560.9 and 
ICD-10 codes K564, K565 and K566). 



2 



Juurlink DN, etai. BMJ Open 2014;4:e005377. doi:1 0.1 1 36/bmjopen-201 4-005377 



e 



Open Access 



Table 1 Baseline characteristics following high-dimensional propensity score matching 



Characteristics 



Extended-release 
nifedipine 
N=103 657 



Amlodipine 
N=204 733 



Standardised 
difference* 



Age 



Median (IQR) 


74 (69 to 79) 


74 (69 to 79) 


0 


Male, N (%) 


40 249 (38.8) 


79 112 (39) 


0 


Income quintile, N (%) 








Quintile 1 (lowest) 


23 350 (22.5) 


45 519 (22.2) 


0.01 


Quintile 2 


23 494 (22.7) 


46 354 (22.6) 


0 


Quintile 3 


20 763 (20.0) 


41 050 (20.1) 


0 


Quintile 4 


18 579 (17.9) 


36 839 (18.0) 


0 


Quintile 5 (highest) 


17 088 (16.5) 


34 214 (16.7) 


0.01 


Rural location, N (%) 


14 680 (14.2) 


28 784 (14.1) 


0 


Charlson score, N (%) 








No hospitalisation 


69184 (66.7) 


135 478 (66.2) 


0.01 


0 


13 882 (13.4) 


27 542 (13.5) 


0 


1 


9081 (8.8) 


18 248 (8.9) 


0.01 


2 


11 510 (11.1) 


23 465 (1 1 .5) 


0.01 


Long-Term Care Residence, N (%) 


3166 (3.1) 


6085 (3.0) 


0 


Number of distinct drugs, Median (IQR) 


7 (4 to 11) 


7 (4 to 11) 


0.01 


Number of physician visits in past year, Median (IQR) 


15 (8 to 26) 


15 (8 to 26) 


0.02 


Number of cardiologist visits in past year, Median (IQR) 


0 (0 to 1) 


0(0 to1) 


0.03 


Gl specialist in previous year, N (%) 


7808 (7.5) 


15 670 (7.7) 


0 


Surgeon in previous year, N (%) 


12 764 (12.3) 


25 269 (12.3) 


0 


Abdominal surgery in 5 years prior to cohort entry, N (%) 


5292 (5.1) 


10 808 (5.3) 


0.01 


Bowel obstruction in previous 5 years, N (%) 


992 (1 .0) 


1983 (1.0) 


0 


Bowel cancer, N (%) 


2194 (2.1) 


4322 (2.1) 


0 


Acute myocardial infarction (AMI), N (%) 


3283 (3.2) 


6925 (3.4) 


0.01 


Hypertension, N (%) 


89 729 (86.6) 


177 302 (86.6) 


0 



*Standardised differences of <0.10 are generally not considered meaningful. 



Statistical analyses 

We used standardised differences to compare baseline 
characteristics between groups, with differences of less 
than 0.1 generally indicative of good balance. 12 We con- 
ducted time-to-event analyses using Cox proportional 
hazards regression to examine the risk of the primary 
outcome among patients treated with extended release 
nifedipine relative to amlodipine. The proportional 
hazards assumption was confirmed by testing the statis- 
tical significance of a time-dependent treatment vari- 
able, and all models were stratified on the 
nifedipine-amlodipine pairs to account for the matched 
nature of the data. Baseline characteristics were well 
balanced between treatment groups following propensity 
score matching, and therefore only unadjusted models 
are reported. All analyses were performed at the 
Institute for Clinical Evaluative Sciences (http://www 
ices. on. ca) using SAS V.9.2 (SAS Institute, Cary, North 
Carolina, USA). 

RESULTS 

During the 13-year study period, we identified 103 657 
eligible patients newly treated with extended release 
nifedipine. Of these patients, 39% (N=40 249) were 
men, the median age was 74 years old (IQR 69-79 years) 



and the majority (N=89 729; 87%) had a documented 
claim for hypertension. We matched 102 829 (99.2%) of 
these patients to at least one patient treated with amlodi- 
pine (N=204 733) . Following propensity score matching, 
there were no appreciable differences in the baseline 
characteristics of the two groups of patients (table 1). 

The median follow-up of patients was 247 days (IQR 
60-1061 days) and 323 days (IQR 70-1221 days) for 
nifedipine and amlodipine users, respectively. Among 
patients receiving extended-release nifedipine, 591 
(0.6%) were hospitalised for bowel obstruction following 
treatment compared with 1185 (0.6%) such hospitalisa- 
tions among patients receiving amlodipine. We found 
no significant difference in the risk of bowel obstruction 
among patients treated with extended-release nifedipine 
relative to amlodipine (unadjusted HR 1.09, CI 0.96 to 
1.24; table 2). 

DISCUSSION 

In this population-based study spanning 13 years, we 
found no increased risk of bowel obstruction among 
patients treated with extended release nifedipine com- 
pared to those treated with amlodipine. This finding is 
somewhat surprising in light of the extended follow-up 
in our sample, because several compelling case reports 
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Table 2 Cox proportional hazards regression for primary analysis 





Number of 


Number of 


Follow-up time: 


Total follow-up time 


Unadjusted HR 


Drug 


patients 


outcomes (%) 


median (IQR) (days) 


(person-years) 


(95% CI) 


Amlodipine 


204 733 


1185 (0.6) 


323 (70 to 1221) 


169 220 


1 .00 (reference) 


Extended-release 


103 657 


591 (0.6) 


247 (60 to 1061) 


366 548 


1 .09 (0.96 to 1 .24) 


Niifedipine 













describe bezoar formation or obstruction (in some 
cases, with perforation) apparently due to tablet impac- 
tion in patients receiving extended-release nifedipine. 
No previous controlled studies have explored this 
phenomenon. 

Some limitations of our study merit emphasis. We con- 
sidered only those instances of bowel obstruction result- 
ing in hospitalisation, although few patients with a 
clinically important bowel obstruction would avoid hos- 
pital admission. Diagnosis of bowel obstruction is not 
perfectly reliable. Because few patients with bowel 
obstruction proceed to surgery, we did not examine 
surgery for bowel obstruction as a defining feature of 
the outcome. Some persons admitted to hospital with 
abdominal pain and non-specific imaging findings may 
receive a diagnosis of bowel obstruction, even if a bowel 
obstruction is not present. Error in classifying patients 
with bowel obstruction would be similar across compari- 
son groups and would bias the study towards the null 
finding we observed. Finally, our findings apply to 
patients aged 66 years and older, and may not be gener- 
alisable to younger persons. 

Despite these limitations, our findings suggest that the 
risk of bowel obstruction during treatment with 
extended release nifedipine is rare and not appreciably 
greater than that observed during treatment with amlo- 
dipine. The results offer reassurance to clinicians whose 
patients receive extended release nifedipine, as well as 
other drugs that are delivered using the GITS delivery 
system. 
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